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The purpose of this study was to develop a 
reliable procedure to measure passive ankle 
dorsiflexion in the clinical setting. A known 
torque was applied to produce ankle dorsiflexion 
in a standardised testing position. Ankle angle 
was measured using skin surface markers and 
polaroid photography. The interrater reliability 
of this procedure was evaluated by having five 
testers each measure 15 subjects. It was found 
that the procedure was highly reliable; the 
Intraclass Correlation Coefficient for the 
combined group data was 0.97 and the 
percentage intertester agreement was 77 per 
cent. These results demonstrate that the 
measurement procedure has the potential to be 
a c Ii nica Ily usefu I means of eva I uati nQ the effect 
of physiotherapeutic intervention aimed at 
altering passive ankle dorsiflexion movement. 
[Moseley A, Adams H: Measure of passive 
ankle dorsiflexion: Procedure and reliability. 
Australian Journal ofPhysiotherapy37: 175-181. 
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ORIGINAL ARTICLE 
Measurement of passive 
ankle dorsiflexion: 
Procedure and reliability 
easurement of passive ankle 
dorsiflexion is a common 
component of the physical 
examination of the ankle joint (Apley 
and Solomon 1982, Maitland 1983, 
McRae 1983). Information gained 
from such an assessment may be used 
to establish the initial status of the 
client, and to prescribe and evaluate 
physiotherapeutic intervention. 
The interraterreliability of passive 
ankle dorsiflexion measurement in the 
clinical setting has been previously 
studied. Elveru et al (1988) and . 
Pandya et al (1985) report that the 
interrater reliability of passive ankle 
dorsiflexion measurement was "poor to 
fair". The Intraclass Correlation 
Co~fficients for interrater reliability of 
passive ankle dorsiflexion measurement 
in these studies were 0.50 and 0.73 
respectively. Even the highest 
reliability value obtained only falls in 
Currier's (1984) "fair" region. 
This comparatively poor reported 
interrater reliability of passive ankle 
dorsiflexion measurement has serious 
implications for its use in the clinical 
decision making process. The 
variation, or error, associated with the 
measurement of passive ankle 
dorsiflexion would make it difficult to 
distinguish changes in passive ankle 
movement which were associated with 
physiotherapeutic intervention. 
In consideration of ways to improve 
reliability values, Gajdosik and 
Bohannon (1987, p. 1868) have 
suggested that "the reliability of range 
of motion measures depends primarily 
on the standardisation of procedures". 
Aspects of the measurement procedure 
which may influence the reliability, by 
being sources of error, include the 
force or torque applied to the body 
segment hy the therapist, the position 
of the subject, the method used to 
measure the joint angle (goniometry 
versus photography) and the marking 
of bony landmarks. 
Gajdosik and Bohannon (1987) have 
pointed out that the amount of force 
applied to the joint may change the 
resulting amount of movement. This 
has been demonstratedhy Fish and 
Wingate (1985) who reported a 
significantly greater variance of elbow 
flexion measurement when the 
measurer manually applied a force to 
the subject's forearm, in comparison to 
a condition where the elbow was 
splinted. It may be assumed that in the 
manually loaded condition a different 
amount of force would have been 
applied hy each tester. The point of 
application and the orientation of the 
force also influence the repeatability of 
the measurement (Ada and Herbert 
1988). 
The product of the force applied to a 
joint and the perpendicular distance 
between the line of the force and the 
joint centre of rotation is defined as 
torque. Babbage et al (1987) and 
Chesworth and Vandervoort (1988) 
reported that passive ankle dorsiflexion 
varied with the magnitude of the 
torque applied, and that the 
relationship was exponential. The 
relationship between torque and 
passive ankle dorsiflexion displacement 
is illustrated in Figure l. 
For the reported clinical methods, a 
single point on the passive dorsiflexion 
torque-displacement curve was 
measured by the therapist manually 
moving the ankle into dorsiflexion. 
With such a procedure, an unknown 
level of force is exerted on the ankle an 
unknown distance from the joint 
centre of rotation. These parameters 
are likely to vary between successive 
measurements made by the same tester 
and between testers. As a 
consequence, the ankle dorsiflexion 
displacement would vary. This 
variation might have contributed to the 
poor interrater reliability reported by 
Elveru et al (1988) and Pandya et al 
(1985). 
Biarticular muscles may influence the 
movement at a joint as body position is 
varied. In a study of eight cadaveric 
lower limbs, Grieve et al (1978) 
demonstrated that angular 
displacement at both the knee and 
ankle joints influences the length of the 
gastrocnemius muscle. As the knee 
position changes, there is a variation in 
ankle dorsiflexion movement; this 
change in knee position is a potential 
source of error when measuring ankle 
movement. The use of an 
undocumented "standardised" testing 
position by Pandya et al (1985) may 
explain the greater reliability reported 
in comparison to the Elveru et al 
(1988) study, in which the testing 
position was selected by the 
physiotherapist making the 
measurement, and thus varied between 
testers. 
Fish and Wingate (1985) compared a 
photographic method to a goniometric 
method when measuring elbow flexion. 
For the photographic method a 
photograph was taken of the elbow 
position, the position of the skin 
markers were digitised off the film 
transparency, and the angle formed by 
the skin markers was calculated. These 
authors reported that photography 
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10 N.m intervals) 
Figure 1. 
Torque versus angular displacement curve for passive ankle d09Bflmchf~ttb'GLE 
from Babbage et al (1987), with permission). ( 10 Intervals) 
significantly increased accuracy. This 
may be because photography decreased 
the error associated with parallax, 
alignment bias (Fish and Wingate 
1985), end digit preference and 
expectation bias (Stratford et al 1984). 
Both Elveru et al (1988) and Pandya et 
al (1985) used goniometry to measure 
ankle dorsiflexion range, so this 
technique may have influenced the 
interrater reliability values they 
obtained. 
Marking bony landmarks with long-
lasting skin marking dye is one way to 
increase the reliability of joint 
movement measurement. Fish and 
Wingate (1985) reported that marking 
the skin over the bony landmarks 
significantly decreases the variance of 
elbow flexion measurements. Skin 
marking may preventmisidentification 
of landmarks and increase the accuracy 
of alignment of the measuring 
instrument. Again, Elveru et al (1988) 
and Pandya et al (1985) did not 
standardise bony landmarks nor mark 
them on the subject's skin, thus both 
factors could have been additional 
sources of measurement error. 
Finally, a necessary factor in 
reliability studies is that the range of 
values used should represent those seen 
in the setting to which the 
generalizations will refer (Tinsley and 
Weiss 1975). Restriction of the range 
of the measure in question will lead not 
only to greater agreement between 
testers, but also to lower reliability 
measures and to an inadequate 
reliability assessment of the 
measurement procedure. 
The present paper argues that the 
reliability of passive ankle dorsiflexion 
measurement may be improved with a 
procedure in which the joint torque 
applied and testing position are 
standardised, and polaroid 
photography and skin surface markers 
are used. The purpose of this study 
was to determine the extent of 
interrater reliability of passive ankle 
dorsiflexion measurement in the 
clinical setting, using a procedure with 
the properties outlined above. 
Method 
Participants 
A total of 15 subjects was selected 
from three populations. They were 
five members of staff (who formed the 
non-brain-damaged group), five people 
who had suffered a cerebrovascular 
accident (CVA) and five head-injured 
adults from Lidcombe Hospital. 
Individuals with current or previous 
ankle injury were not asked to serve as 
subjects. Each subject was selected on 
the basis of their passive ankle 
dorsiflexion movement in order to 
ensure that the samples represented 
the range of passive ankle dorsiflexion 
angles which can be measured 
clinically. Thus, subjects in each 
subgroup varied from low to high 
values on the angle being measured. 
Written informed consent was 
obtained from each subject (or their 
legal guardian), and the protocol was 
approved by the Lidcombe Hospital 
Ethics Committee. 
Five physiotherapists employed by 
Lidcombe Hospital volunteered to 
serve as testers. Each tester received 
practical instruction about the 
procedure prior to testing. The first 
author was one of the testers. 
Equipment 
The Lidcombe Template is a piece of 
apparatus designed and constructed 
such that a known torque can be 
applied to the ankle joint in the 
dosiflexion direction. Using this 
apparatus torque is measured by the 
two main components - a spring 
balance and a perspex sheet ruled with 
parallel lines (Figure 2). The spring 
balance is stretched to a constant load 
or force. This force is applied to the 
ankle via a footplate at the level of the 
head of the fifth me:tatarsal(Figure 3). 
The perpendicular distance between 
the line of the force and the ankle joint 
is kept cOnstant using the lines ruled 
on the perspex sheet. 
The force is applied so that one of 
the parallel lines lies over the lateral 
malleolus skin marker.Hthe same 
parallel line is used for each 
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Figure 2. 
The Lidcombe template. 
Figura 3. 
Force applied to the ankle with the Lidcombe template. 
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measurement, and assuming that the 
lateral malleolus is the centre of 
rotation ·of the arilde joint, the 
perpendicular distance between the 
force and the ankle joint remains 
constant (Figure 3). There are a series 
of paraUellines niled on the perspex 
sheet to allow for variation in foot 
length between subjects. These lines 
are niled on both sides of the central 
line of force so that the template can 
be used bilaterally. Because subjects in 
the study had different foot lengths, 
the magnitude of the torque applied 
ranged from 12 to 16.8 Nmbetween 
subjects, but was held constant within 
subjects. 
Proc~dure 
The head of the fifth metatarsal, 
lateral malleolus and head of fibula 
bony landmarks were palpated and 
marked on the subject's skin with long-
lasting dye by the first author. These 
skin markers were used by each tester. 
As in the clinical setting, the skin 
markers applied during initial 
measurement remained in situ for the 
entire measurement period, and 
multiple measures were based on the 
same skin markers. At five minute 
intervals and in random order, each 
tester positioned the subject on a 
standard physiotherapy plinth. The 
five minutes separation between testers 
prevented any discussion about the 
values obtained. 
The subject's knee was positioned in 
extension with a velcro strap over the 
shank and a cylinder Wcm in diameter 
under the knee. This apparatus 
minimised changes in gastrocnemius 
muscle length associated with knee 
position, described by Grieve et al 
(1978), by keeping the knee at a 
constant angle. The subject's leg was 
released after each measurement. 
After the subject was positioned, each 
tester applied the known dorsiflexion 
force to the subject's ankle joint with 
the Lidcombe Template. The 
photographer gave each tester 
feedback about the alignment of the 
force so that the force was applied a 
known perpendicular distance from the 
ankle joint (as indicated by the lines 
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Table 1: 
Testers versus subjects matrix showing ankle dorsiflexion (in degrees) 
Subject Tester Subject 
Group Number A B C D E -x 
Non-brain-daunaged 1 110 102 104 103 104 104.6 
2 85 90 81 80 79 83.0 
3 116 118 114 109 112 113.8 
4 92 100 97 97 92 95.6 
5 90 91 99 95 94 93.8 
Tester i 98.6 100.2 99.0 96.8 96.2 
Cerebrovascular Accident 6 133 138 131 132 139 134.6 
7 111 106 110 107 112 109.2 
8 119 117 125 119 120 120.0 
9 114 116 118 119 119 117.2 
10 108 111 109 108 108 108.8 
Tester x 117.0 117.6 118.6 117.0 119.6 
Head-injured 11 128 133 131 132 126 130.0 
12 108 113 107 118 109 111.0 
13 150 152 153 152 149 151.2 
14 104 107 109 107 105 106.4 
15 78 81 89 80 86 82.8 
Tester x 113.6 117.2 117.8 117.8 115.0 
ruled on the perspex sheet). As a 
consequence, a known torque was 
applied for each measurement. A 
polaroid photograph, using a hand-
held camera positioned parallel to and 
at the same height as the shank and 
from a distance of approximately two 
metres, was taken to record the ankle 
angle produced. The ankle angle waS 
later measured from the photograph by 
the tester. 
Lines were then drawn on the 
photograph by the tester in order to 
connect the lateral malleolus skin 
marker with the head of fibula and 
head of fifth metatarsal skin markers. 
The angle between these two lines 
(labelled beta in Figure 3) was 
measured to the nearest degree with a 
protractor, and recorded on the back 
of the photograph by each tester. 
These measures were later compiled by 
the first author. The testers did not 
observe or discuss each other's 
measurements during this procedure. 
Data analysis 
The data were recorded in a testers 
versus subjects matrix (Table 1) and 
the variability of the measures therein 
partitioned in order to obtain an 
Intraclass Correlation Coefficient 
(ICC), a statistic which reflects the 
proportion of the total variation in the 
measures which can be attributed to 
variation in ankle angles. 
In computing ICC values for joint 
measurements (Boone et al1978, 
Chesworth and VanderVoort 1988) and 
trunk motions (Frost et al 1982) the 
expression for computing ICCs given 
by Winer (1971) has often been used. 
Since Winer's work, Shrollt and Fleiss 
(1979) have suggested that this 
particular expression is relevant to the 
situation where each subject is seen by 
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Table 2. 
Intraclass correlation coefficients for the separate subject groups and for all 
subjects combined 
Group ICC(2,1) 95% Confidence Limits ICC(l,l) 
Lower bound Upper bound 
All subjects .97 
~on-brain-dan1aged .91 
Cerebrovascular accident .94 
Head-injured .98 
a different group of testers, creating an 
ICC(I,I) under their classification 
system. When all testers rate all 
subjects the design involves a two-way 
rather than a one-way analysis of 
variance, and the within-subjects 
variance can be partitioned into a 
component associated with judges and 
a residual (error) component as was 
done by Gogia et al 1987 and Kispert 
and Merrifield 1987. 
Because the judge (or tester) effect 
variance appears only in the 
denominator of the expression for 
ICC(2,1), a large judge variance will 
reduce the value of the ICC(2,1). In 
Shrout & Fleiss's (1979) notation for 
the ICC(2,1), the first parameter in 
brackets refers to the type of analysis of 
variance (one-way or two-way) and the 
second to the desired unit of 
generalisation (an individual tester or a 
group of testers operating together). 
The present study was concerned with 
the reliability of the measures made by 
single testers, so the second parameter 
in brackets would always be one. 
H the Winer (1971) expression for 
calculating the ICC, which 
corresponds to Shrout and Fleiss's 
(1979) ICC(l,I), is mistakenly used 
with data from a .two-way design,the 
result is not misleading. Shrout and 
Fleiss (1979) noted that although 
ICC(I,l) is not always smaller than 
ICC(2,1) if both values are calculated 
from the same set of data on average it 
will he, so the error is moSt often .a 
conservative one, resulting in 
underestimation of the true ICC value. 
.91 .99 .97 
.71 .99 .91 
.80 .99 .94 
.94 .99 .98 
This conservativeness has been 
advanced as a reason for using this 
form (Lovell and Rothstein 1989). To 
enable comparison with other research, 
ICC(I,I) values were computed for the 
current data set in addition to ICC(2,1) 
values. The other form of the ICC, 
Shrout and Fleiss's (1979) ICC(3,I), 
considers judges as fixed effects, and is 
relevant when the investigators do not 
wish to generalise to judges other than 
the ones used (e.g. DiFabio 1987, 
Halaney and Carey 1989). Because it 
was intended to generalise the present 
results to a variety of judges, this ICC 
form was not calculated. 
To obtain a measure of the extent of 
agreement between raters, all possible 
pairwise comparisons between ratings 
were made and percentage agreement 
ratios computed, as described by 
Mayerson and Milano (1984). This 
involves calculating the difference 
between anyone therapist's and all 
other therapists' measures of a given 
subject. With five testers this 
generates ten difference scores per 
subject which were cast into a 
histogram and converted to a 
percentage at each degree of difference 
from zero to 11 degrees. Although no 
previous investigators have used the 
percent-exact-agreements (PEA) 
measure of agreement, and all have 
used a percent-close-agreement (PCA) 
measure, they have differed in their 
definition of "close". For example, 
Hellebrandt et al (l949) used 
± 3 degrees to define PCA, whereas 
Mayerson and Milano (1984) report 
± 5 degrees. In order to consider 
agreement at various levels of 
closeness, the cumulative percent of 
interrater agreements for each of the 
degrees of difference was calculated. 
Results 
The range of passive dorsiflexion 
angles measured was from 78 degrees 
(subject 15) to 153 degrees 
(subject 13). The raw data, and both 
subject and tester means are shown in 
the testers versus subjects matrix 
(Table 1). 
All groups had a high ICC(2,1) value, 
with the head-injured group being the 
most reliably measured. The ICC 
values were 0.91 for the non-brain-
damaged group, 0.94 for the CVA 
group and 0.98 for the head-injured 
group. The overall value was 0.97. 
Overall and group ICCs and 95 per 
cent confidence limits are shown in 
Table 2. The ICC(I,I) value was 
identical to the ICC(2,1) value for each 
group. 
The cumulative per cent interrater 
agreement percentages for each of the 
subject groups are presented in 
Table 3. The value of 77 per cent at 
±5 degrees can be compared with the 
64 per cent agreement for 22 separate 
joints on a single subject obtained by 
two therapists (Mayerson and Milano, 
1984). 
Discussion 
The most important finding of this 
study was that measurement of passive 
ankle dorsiflexion movement using a 
standardised procedure was highly 
reliable and had good interrater 
agreement. The ICC for overall 
interrater reliability was 0.97. This 
seems better than previously published 
clinical trials which report only poor to 
fair interrater reliability (Elveruetal 
1988, Pandyaet aI1985). It is argued 
that it is the various aspe.cts of the 
standardzied procedure employed in 
the present study - the application of 
a known joint torque, the standardised 
testing position, and the use of 
polaroid photography and skin surface 
markers -which have contributed to 
this finding. .. 
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Table 3. 
Cumulative percentage of interratercomparisons at different extents of error. 
Group Absolute inter-tester difference (degrees) 
0 
All Subjects 7 
Non-brain-damaged 6 
CerebrovascUlar Accident 10 
Head-injured 4 
From Page 179 
The interrater reliability of passive 
ankle dorsiflexion measurement was 
established by the present investigation 
for subjects from non-brain-damaged, 
CVA and head-injured adult 
populations. These findings cannot 
automatically be extended to other 
populations. In order to use this 
procedure with different populations, 
reliability would have to be established, 
using a similar procedure to that 
described here. 
The slightly lower reliability found in 
the non-brain-damaged (0.91) and 
CVA (0.94) groups when compared 
with the head-injured group (0.98) 
may be explained by the subject 
variation within each group. The 
ankle dorsiflexion angles measured 
ranged between 79 and 118 degrees for 
the non-brain-damaged group, and 
106 to 139 degrees for the eVA group, 
whereas the head-injured group ranged 
between 78 and 153 degrees. In the 
head-injured group, therefore, the 
between-subjects variation in the 
measured passive ankle dorsiflexion 
range of motion was proportionately 
greater than the error variation, which 
resulted in slightly higher ICC values 
than those recorded for the groups 
with lower variability between subjects. 
. Obtained agreement percentages, as 
reported in Table 3, attest to the 
inappropriateness of PEA as a measure 
of agreement. Use of an absolute 
difference of five degrees as the 
definition of PCA is consistent with 
previous authors (eg Miller 1985) and 
this generates a range from 70 per cent 
1 2 3 4 5 6 
26 42 55 64 77 85 
20 34 42 56 70 
36 50 64 70 82 
22 42 58 66 78 
to 82 per cent agreement over the 





The apparatus and procedure 
described here may be used to reliably 
measure passive ankle dorsiflexion 
movement in the clinical setting. Due 
to its high reliability, any measured 
change in passive ankle dorsiflexion 
may safely be attributed to real changes 
in joint movement, rather than to 
measurement variation or error. The 
template-photograph technique may 
thus be used to increase the objectivity 
of the clinical decision-making process, 
to more accurately measure client 
progress, and to better differentiate the 
effectiveness of various 
physiotherapeutic interventions aimed 
a~ increasing ankle dorsiflexion 
movement. 
Acknowledgements 
We wish to aclmowledge the 
assistance of Michael Lee in the design 
of the measuring instrument, Judy 
Lovenfosse in the collection of data, 
.and the advice from Michael Lee and 
Louise Ada in preparing this 
document. This research was 
supported by a grant from Johnson and 
Johnson Medical Pty Ltd, NSW. 
References 
MaL and Herbert R (1988): MeaSiJreI)J.ent of joint 
range of motion. Australian Journal of 
Physiotherapy 34: 260-262. 
Apley AG and Solomon L (1982): Apley's System 
of Orthopaedics and Fractures. (6th ed.) 
London: Butterworth Scientific, pp.306-307. 
Babbage M, Dean C and Woosnam K (1987): The 
7 8 9 10 11 
89 93 97 98 100 
82 90 96 98 100 
98 100 100 100 100 
86 90 94 96 100 
stiffness of the ankle joint compl~ during 
passive dorsiflexion. Unpublished project 
report. Sydney: Cumberland College of 
Health Sciences. 
Boone DC, Azen SP, Lin CM,$pence C, Baron C 
and Lee L (1978): Reliability of goniometric 
measurements. Physical Therapy 58: 1355-
1360. 
Chesworth BM and Vandervoort AA (1988): 
Reliability of a torque motor system for 
measurement of passive ankle joint stiffness 
in control subjects. PhysWtherapy Canada 40: 
300-303. 
Currier DP (1984): Elements of Research in 
Physical Therapy. (2nd ed.) Baltimore: 
Williams and Wilkins, pp.145-174. 
DiFabio RP (1987): Reliability of computerized 
surface elec::tromyography for determining 
the onset of muscle activity. Physical Therapy 
67:43-48. 
Elveru RA, Rothstein JM and Lamb RL (1988): 
Goni()metric reliability in a clinical setting: 
Subtalar and jUlkle joint measu.rements. 
Physical Therapy 68: 672-677. 
Fish DR and Wingate L (1985): Sources of 
goniometric error at the elbow. Physical 
Therapy 65: 1666-1670. 
Frost M, Stuckey S, Smalley LA and Dorman G 
(1982): Reliabilityofmeasuringtrunkmotion$ 
in.centimetres.PhysicalTherapy65: 1431-1437. 
Gajdosik RL and Bohannon RW (1987): Clinical 
measurement of range of motion: Review of 
goniometry .emphasizing reliability and 
validity. Physical Therapy 67: 1867-1872. 
Gogia PP, Braatz JH, Rose SJ and Norton BJ 
(1987): Reliabilityand validity of goniometric 
me~ments at the knee. Physical Therapy 
67: 192-195 . 
Grieve DW, PheasantS and CavanaghPR(1978): 
Prediction of gastrocnemius lerigth from knee 
and ankle joint posture. In Assmussen E and 
Jorgensen K (Eds): Biomechanics VI-A. 
pp.405-412. 
HaIaney ME and Carey JR (1989): Tracking ability 
of hemiparetic and healthy subjects. Physical 
Therapy 69: 342-348. 
ORIGINAL ARTICLE 
Hellebrandt FA, Duvall EN and Moore ML (1949): The measurement of joint 
motion: Part ill Reliability of goniometry. Physical Therapy Review 29: 
302-307. 
Kispert CP and Merrifield HH (1987): Interrater reliability of skinfold fat 
measurements. Physical Therapy 67: 917-920. 
Lovell FW and Rothstein JM (1989): Response to commentary by Hart. 
Physical Therapy 69: 104-105. 
Maitland GD (1983). Peripheral Manipulation. (2nd ed.) London: 
Butterworths, pp.272-286. 
Mayerson NH and Milano MS (1984): Goniometric measurement reliability 
in physical medicine. Archives of Physical Medicine and Rehabilitation 65: 
92-94. 
McRae R (1983): Clinical Orthopaedic Examination. (2nd ed.) Melbourne: 
Churchill Livingstone, pp. 162-172. 
Miller PJ (1985): Assessment of joint motion. In Rothstein JM (Ed.): 
Measurement in Physical Therapy. New York: Churchill Livingstone, 
pp.103-136. 
Pandya S, FlorenceJM, King WM, RobinsonJD, Oxman M and ProvinceMA 
(1985): Reliability of goniometric measurements in patients with 
Duchenne Muscular Dystrophy. Physical Therapy 65: 1339-1342. 
Shrout PE and FleissJL (1979): Intraclass Correlations: Uses in assessing rater 
reliability. Psychological Bulletin 86: 420-428. 
Stratford P, Agostino V, Brazeau C and Gowitzke BA (1984): Reliability of 
joint angle measurement: Adiscussion of methodology issues. Physiotherapy 
Canada 36: 5-9. 
Tinsley HE and Weiss DJ (1975): Interrater reliability and agreement of 
subjective judgements. Journal of Counselling Psychology 22: 358-376. 
Wmer BJ (1971): Statistical Principles in Experimental Design. (2nd ed.) 
